Differences in food preferences between two sympatric canids, the golden jackal (Canis aureus), which is currently spreading from south-east Europe and is a little-known species in Europe, and the red fox (Vulpes vulpes) were investigated. Data on diet composition and food availability were collected over a 13-season period, in a temperate climate agricultural area of Hungary. We found that jackals and foxes preferred small mammals (Ivlev's electivity index, E i s0.38 and 0.39, respectively), and avoided towards wild boar (E i s -0.43 and -0.56, respectively) and cervids (E i s-0.92 and -0.94, respectively). Jackals preferred pheasant less than foxes (E i s0.06 and 0.51, respectively). Within small mammals, both predators preferred the open field living species, with the forest living species being less favoured. The relationship between the available biomass of small mammals, as the primarily important food resource for both canids, and the proportion of consumed biomass of small mammals was not close. This was probably as a result of abundant food resources and high trophic flexibility of the golden jackal and red fox allowing these two closely related carnivores to coexist sympatrically in Central European areas without resource partitioning.
Introduction
The golden jackal (Canis aureus, Linnaeus 1758) is a widespread canid, occurring in northern and eastern Africa, Asia Minor, the Middle East, central and southern Asia, and south-eastern Europe (Krystufek et al. 1997, Macdonald and Sillero-Zubiri 2004) . The jackal is listed as an ''Extinct'' native species in the Hungarian Red Data Book, because it disappeared from Hungary at the beginning of the 20th century as a result of changes to its natural habitats and the more general persecution of carnivores (Szabó et al. 2009 ). In the 1990s, the golden jackal started to recolonise the Carpathian basin (Central Europe) from the south. As a result, a study area was established on the north-western edge of the golden jackal range (Demeter and Spassov 1993 , Krystufek et al. 1997 , Szabó et al. 2009 ).
The red fox (Vulpes vulpes, Linnaeus 1758) is the most widespread member of the canids, occurring throughout Europe, Russia, North Africa and North America, as well as having been successfully introduced to Australia (Macdonald and Sillero-Zubiri 2004) . It is also the most common carnivore in Hungary (Heltai et al. 2007a ). Both the golden jackal and red fox inhabit a variety of ecoregions, where the distribution areas of these mesopredators partially overlap.
Feeding habits of the larger-sized (7-15 kg) golden jackal, which can hunt either as a solitary hunter or in pairs or groups (Lamprecht 1978 , Macdonald 1979 , 1983 , Bekoff et al. 1984 , Moehlman 1987 , Admasu et al. 2004 , differ from the smaller-sized (4-7 kg) and generally solitary red fox (Gittleman 1985 (Gittleman , 1989 . Previous studies revealed the golden jackal to be a 'searcher hunter' feeding upon a broad range of small-sized prey, such as rodents, hare, birds, reptiles and arthropods (van Lawick and van Lawick-Goodall 1970) but will also frequently consume plants (Balasubramanian and Bole 1993, Mukherjee et al. 2004) , scavenge on domestic animal remains (Macdonald 1979 , Poché et al. 1987 , Amroun et al. 2006 or carcasses left by large predators (Kruuk 1972 , Moehlman 1987 . The jackal is a group-living canid, and not only a searcher but also a pursuer, successfully hunting medium-and larger-sized ungulates, such as Thomson gazelle (Gazella thomsonii) (Lamprecht 1978) , calf (Yom-Tov et al. 1995) and in Europe, mouflon (Ovis musimon), roe deer (Capreolus capreolus) (Demeter and Spassov 1993) and wild boar (Sus scrofa) Heltai 2002, Lanszki et al. 2009 ).
The red fox is a typical searcher hunter as well as a food generalist, also utilising a wide range of small-sized prey types or plants and carcasses in European habitats (Englund 1965 , Goszczynski 1977 , Macdonald 1977 , Ferrari and Weber 1995 , Jędrzejewska and Jędrzejewski 1998 , Leckie et al. 1998 ). The diet composition and feeding habits of the red fox, e.g., the preference for small mammals (e.g., Microtus species) or hare is known from studies in Europe (Goszczynski 1977 , Macdonald 1977 , Leckie et al. 1998 , whereas the feeding habits of the golden jackal are less well understood. In most studies no definite food preferences have been Figure 1 Geographic locality of the study area in Hungary (A), and habitat pattern of the study area (B). Border of the scat collection area (650 ha) is denoted with a black line, white surface denotes the open fields, dark grey denotes the forests, black denotes the villages, grey line denotes the canals (and shrubby areas), and double black line denotes the roads.
described for the golden jackal, which could be as a result of the perceived feeding opportunism of the species (Macdonald 1983 , Gittleman 1985 . If a predator consumes prey relatively more frequently than it exists in the population then it is considered preferred prey spp., whereas if it is taken less frequently it is avoided.
The ecological theory (Hardin 1960 , Rosenzweig 1966 ) predicts that for two similar and closely related carnivores to coexist, they must reduce interspecific competition by partitioning resources (e.g., space, food). For example, predators with similar environmental requirements and/or similar body size segregate in their geographical range (e.g., grey wolf Canis lupus and golden jackal; Krystufek et al. 1997) or have a mosaic distribution throughout their area (e.g., the golden jackal, particularly on the edge of the species range; Demeter and Spassov 1993 , Giannatos et al. 2005 , Szabó et al. 2009 ). But, the golden jackal and the red fox are not separated in Hungary, even in areas where both canids are abundant (Heltai et al. 2007a,b) .
In niche segregation, food separation can also have an important role (Schoener 1974) . For example, in a temperate agricultural zone of North America, when the grey wolf (Switalski 2003) or the coyote (Canis latrans) (Crooks and Soulé 1999 , Gosselink et al. 2003 , Kamler et al. 2003 appeared, they had a significant negative effect on the abundance of smaller carnivores (such as domestic cat Felis catus, red fox, swift fox Vulpes velox). Consequently, smaller carnivores had a lower impact on, e.g., bird populations (Crooks and Soulé 1999) .
Previously it was found that the dietary overlap between the golden jackal and the red fox could be high in agricultural areas Heltai 2002, Lanszki et al. 2006) , but the background of the interspecific (such as predatorpredator and predator-prey) interactions between these two canids are little known. To determine how and why the predators select their prey, knowledge of animal food availability is necessary. To increase our understanding of the return of the golden jackal to Central Europe, feeding studies, particularly those focusing on interspecific interactions and intraspecific (seasonal and food availability dependent) differences are important (Hayward and Kerley 2008) .
The aim of this study was to use dietary and prey abundance data collected over 13 seasons in a temperate climate agricultural area, southwestern Hungary to determine which, if any animal food types golden jackals and red foxes prefer and which they avoid. Our data allowed direct comparison of preferences between the two sympatric canids at two levels; therefore, we also examined differences within the main animal food types and small mammals. Furthermore, we studied seasonal and year dependent differences.
Materials and methods

Study area
The study area is located in the Pannonian biogeographic region of southwestern Hungary (Ormánság region, 458569 N, 178419 E; 103-123 m a.s.l., Figure 1 ). On the study area there are four main habitat types. During the study from September 2001 to November 2004, the area of abandoned fields (Erigeron spp.) decreased from 56.1% to 14.4%, whereas the distribution of plough-lands (cereals and soy) increased from 10.9% to 48.7%. The coverage of mixed oak-elm-ash forests (Quercus, Ulmus, Fraxinus spp.) and shrubby areas and banks (mainly Salix alba and Prunus spinosa) experienced only a small change (22.9-29.5% and 10.2-7.4%, respectively). The climate is continental. Duration of snow cover was 21, 48 and 16 days per year, and the mean snow depth was 70, 84 and 18 mm per winter. During the study period, 2003 was an extreme year with a particularly cold and long winter, a hot summer and little rainfall. Biomass of small mammals was calculated from summarised capture data (from individual weights and MNA) in each season. Surveys were performed in winter (Wi), spring (Sp), summer (Su) and autumn (Au). Empty cells denote that the given taxon was not detected.
Prey abundance
Abundance of small mammals was determined by the capture-mark-recapture (CMR) method (Krebs 1989 ) with permission of the Directorship of the Danube-Drava National Park. From October 2001 to October 2004 seasonally, for four consecutive nights, 13 mammal trapping periods were undertaken. We distributed 199-299 glass-doored wooden live traps (size 180=70=70 mm) throughout the four principal habitat types: a 10=10 grid (ns100 traps) on an abandoned field, 5=20 grid (ns100 traps) on plough-land (from spring to autumn), 7=7 grid (ns49 traps) in a forest, and 50 traps in a line along a shrubby bank approximately 10-m wide. We situated the traps every 10 m and used walnuts, maize and ham as bait. We checked the sites twice daily at 6:00 h and 18:00 h. For identification of captured animals we used individual marking (Begon 1979 ) and recorded the weight of each animal. We determined the minimum number alive (MNA) value (Krebs 1966) and from this calculated the biomass of small mammals (kg/km 2 ) using the summarised CMR data (from individual weights and MNA) for each season. Minimum abundance of ungulates and pheasant (kg/km 2 ) were estimated on the basis of yearly summarised hunting bag data (official game management harvesting database). Individual weights of ungulates were measured with 0.1 kg accuracy, whereas weights of pheasants were assumed to be 1.0 kg.
Collection and analysis of scats
For the preference calculation, the diet composition of the golden jackal and red fox were determined by the analysis of scats collected monthly between September 2001 and November 2004. A total of 626 jackal and 727 fox scats were collected over this period by travelling along a standard route (12.8 km in 2001, 21.3 km in 2002 and 22.7 km in 2003 and 2004) covering the 650-ha study area. Golden jackal and red fox scats were distinguished on the basis of odour, size and shape characteristics (Macdonald 1980) . We used the standard wet procedure to analyse samples. To estimate the fresh mass of food ingested (Reynolds and Aebischer 1991) , we weighed all dry food remains with the mass data and multiplied this by the appropriate conversion factor (summarised by Jędrzejewska and Jędrzejewski 1998) .
Apodemus spp. comprise the yellow-necked mouse (A. flavicollis), common field mouse (A. sylvaticus) and striped field mouse (A. agrarius). Microtus spp. in the study area included the common vole (Microtus arvalis, 99% of the Microtus species), field vole (Microtus agrestis) and European pine vole (Microtus subterraneus). The various species were grouped at the genus level, because it was not always possible to identify the individual species on the basis of hairs or teeth (März 1972 , Teerink 1991 , and our own reference collections) found in the scats. More details about the sampling methods and diet composition of jackals and red foxes are available in Lanszki et al. (2006) . Necessary food composition data for the preference estimation are summarised in Appendix 1.
Data analysis
Ivlev's index (E i ) of preference according to food items was applied as follows: E i s(r i -n i )/(r i qn i ), where r i spercentage biomass of the given (ith) item in the diet and n i spercentage of biomass of the given (ith) item in the environment (Krebs 1989) . Electivity varies from -1.0 to q1.0, where -1.0 indicates avoidance, and q1.0 indicates a preferred prey. The preference indices from 13 seasons were compared with paired samples t-test between the two predators and with analysis of variance (ANOVA; Bonferroni test) among the food taxa.
The Spearman correlation (r S ) test was used to examine the relationship between small mammal availability (biomass, kg/km 2 ) and proportion of consumed biomass (%B) of small mammals. SPSS 10.0 for Windows (1999) statistical package was used for data processing.
Results
The biomass of small mammals in the community varied both seasonally and annually (Table 1 ). The trapping results showed high density of rodents in autumn 2001, but in all other years the small mammal biomass in autumn was only half this level. An extremely low value (7.2 kg/km 2 , Table  1 ) was measured during the long winter of 2003.
The composition of the small mammal community also changed during the study period. The Microtus spp. dominated in the first period of the study, whereas the Apodemus spp. dominated in the second period (Table 1) Table 2) . Biomass of the wild boar declined greatly, whereas biomass of cervids and pheasant decreased moderately during 2003.
Considering the main food items, both golden jackals and red foxes preferred small mammals (paired samples t-test, t 3 s0.53, ps0.635) and, perhaps not surprisingly, avoided wild boar (t 3 s0.88, ps0.442), and cervids (t 3 s0.90, ps0.434) ( Table 2 ). Jackals preferred pheasant less than foxes (t 3 s3.33, p-0.05, Table 2 ). We found a high fluctuation in pheasant preferences between the years particularly in the case of golden jackal ( Table 2 ). The larger jackal had a higher preference for wild boar in 2003-2004 than in 2001-2002. Considering only the primarily important small mammals of both predators, jackals preferred (ANOVA, F 5 s31.26, p-0.001) open field living Microtus spp. and harvest mouse over steppe mouse (Table 3) . They avoided the forest living bank vole and habitat generalist Apodemus spp. and shrews (which can live both in open fields and in forest or in shrubby habitats). Foxes preferred Microtus spp. and harvest mouse, and avoided steppe mouse, Apodemus spp., bank vole and shrews (F 5 s19.78, p-0.001, Table 3 ). With the exception of Apodemus spp., no significant differences were found between predators in preference of each small mammal. Jackals in comparison with foxes less preferred Apodemus spp. (paired samples t-test, t 12 s2.23, p-0.05).
Preference for Microtus spp. increased throughout the 4 years for both jackal (E i s0.21, 0.33"0.11, 0.68"0.12 and 0.81"0.08, respectively, ANOVA, F 3 s4.45, p-0.05) and fox (E i s0.19, 0.30"0.11, 0.63"0.15 and 0.80"0.07, respectively, F 3 s4.19, p-0.05). We did not find year-dependent differences (0.794)p)0.05) in the other small mammal taxa. Both canids preferred Microtus spp. most in summer (both: E i s0.79) and bank vole were avoided less in spring (jackal: E i s-0.30, fox: E i s-0.21), but the season-dependent differences within species was not significant (ANOVA, F 3 s0.59-0.76, p)0.05), with the exception of steppe mouse which was preferred by the fox in winter and avoided in other seasons (ANOVA, F 3 s22.06, p-0.001).
The proportion of consumed biomass of small mammals (%B) showed no relationship with the available biomass of small mammals (jackal: r S s0.39, ns13, ps0.188, fox: r S s0.00, ns13, ps1.00).
Discussion
The results showed that the abundance of small mammals as primary prey of both golden jackal and red fox fluctuated between seasons and years. Abundance of supplementary foods, such as cervids, wild boar and pheasant also changed between years. Availability (biomass) of small mammals depended mainly on rainfall, but was not affected significantly by temperature. In northern latitudes, the availability of small mammals might have become a limiting factor for carnivores in relation to 3-4-year cycles of rodents, particularly Microtus species (Hansson and Henttonen 1985, Krebs 1996) . The consequence of a long winter (Korslund and Steen 2006) is extreme weather conditions which could influence this cycle. Fluctuation of primary foods could affect the functional response of carnivores to different prey, for example, red foxes switched from voles (Microtus spp.) to less accessible mice (Apodemus spp.), hare and/or medium-sized birds (Angelstam et al. 1984 , Lindström and Hörnfeldt 1994 , Ferrari and Weber 1995 , Leckie et al. 1998 .
Despite this assumption, which might be from differences in body mass and potentially different hunting strategies (Gittleman 1985 (Gittleman , 1989 , feeding habits of the golden jackal showed high similarity to the red fox. Both species followed a typical searching strategy. Similar preferences for small mammals and similar avoidance of ungulates corroborate this. Avoidance of large-sized ungulates could be as a result of adult red deer and (fallow deer) active defence. Furthermore, wild boar are difficult prey for solitary jackals because of their tusks and aggression (Jędrzejewska and Jędrzejewski 1998) , or when adult ungulates are scarce (authors' observations) or consume from founded carcasses. Roe deer (similarly to gazelles) would be small enough to fall prey to a pair of jackals as well as to family groups, but these animals are capable of rapid escape in mosaic habitats.
Negative preference values cover low consumption ratio, as in the case of cervids, including calves. Considering the main food taxa, a significant interspecific difference was only found in the consumption of pheasant. But the pheasant was consumed only in low numbers particularly by the jackal . Within the small mammal resource, both golden jackals and red foxes preferred the abundant, open field living Microtus spp. and avoided the habitat generalist Apodemus spp. and forest living bank vole. Avoidance of the bank vole, which is a slower moving species than the microtines, is unexpected, because carnivores generally prey upon slower-moving voles (and avoid faster-moving, very agile Apodemus spp.) from the rodent community (Jędrze-jewska and Jędrzejewski 1998). These data corroborate that the golden jackal (and the red fox) characteristically prefer open habitats for hunting (Gittleman 1989) ; however, radiotelemetry (Loveridge and Macdonald 2003 , Switalski 2003 , Jaeger et al. 2007 ) could provide more information on how sympatric jackals and foxes separate in time and space in Central Europe.
There was no close relationship between primarily important small mammal availability and consumption ratio of small mammals, neither in the case of jackal nor of fox. Contrary to our results, in boreal and temperate zones (Goszczynski 1977 , Angelstam et al. 1984 , Jędrzejewska and Jędrzejewski 1998 , Hanski et al. 2001 ) the diet of predators (red fox) was influenced by small mammal (in particular Microtus spp.) numbers. This could be because in Central European agricultural environments small mammal (and animal food) resource is largely unlimited (Carbone and Gittleman 2002) . With the exception of some periods (e.g., winter and spring of 2003), small mammals are usually accessible to predators. We found intraspecific differences in food preferences only when small mammal availability declined drastically. After a decline in the numbers of the main prey, jackals and foxes consumed more accessible animals or plants , confirming their generalist feeding strategy.
Our study area in Central Europe differs from areas in moderate (Gosselink et al. 2003 , Switalski 2003 or boreal zones (Elmhagen et al. 2002, Helldin and Danielsson 2007) or southern latitudes (Stuart and Stuart 2003 , Giannatos 2004 , Scheinin et al. 2006 when larger predators entered a Carnivora community. Specifically, the diet compositions and consequently food preferences of the competitors rarely differed, and when it did it occurred only over a short period. By contrast, the presence of the golden jackal as a new predator would presumably have not significantly affected the feeding habits of the red fox, because in the Pannonian biogeographic region dominant and preferred foods of the red fox are small mammals . Our results differ from other studies because (1) food availability on northern and southern regions can be lower and/or less accessible than in our agricultural area and (2) larger-sized carnivores (wolf, lynx) are more food specialists than jackal and fox, and because of limited food resources can exclude the smaller carnivores. In our study area the density of both canids remained high. Mean density of jackals was 0.25 family groups/km 2 (authors' unpublished data) (determined by stimulated calling method, Giannatos et al. 2005 ) and density of foxes was 2.8 individuals/km 2 ) (based on den density, inhabited den=2).
In conclusion, in this study both golden jackals and red foxes preferred small mammals. Of these, both predators favoured open field living species and showed less preference for forest living species. Preferences of their main food types did not differ substantially. The relationship between the small mammal availability and small mammal consumption ratio was not close. This indicates an unlimited and available food resource for both canids. Abundant food and flexibility of the omnivorous and opportunistic diet and feeding habits of golden jackal and red fox (Macdonald 1983 , Gittleman 1985 probably allows these two closely related, medium-sized carnivores to coexist sympatrically in Central European agricultural areas.
